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(57) ABSTRACT 

A dielectric ceramic material is composed of a perovskite 
compound represented by ABO as a main component. In the 
case where ABO is, for example, BaTiO, the crystal grains 
include BaTiOs crystal grains composed of the main compo 
nent and, as secondary phases, Mg Ni Ti-containing crys 
talline grains composed of a crystalline oxide containing at 
least Mg, Ni, and Ti and Ba-Si-containing crystalline grains 
composed of a crystalline oxide containing at least Ba and Si. 

20 Claims, 2 Drawing Sheets 

Mg-Ni-Ti-O-BASED CRYSTALLINE OXIDE GRAIN: 12 

BaTiO3. CRYSTAL GRAN: 11 Ba-Si-O-BASED CRYSTALLINE OXDE GRAN: 13 
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FIG. 2 

Mg-N-Ti-O-BASED CRYSTALLINE OXIDE GRAIN: 12 

BaTiO3. CRYSTAL GRAN: 11 Ba-Si-O-BASED CRYSTALLINE OXDE GRAN: 13 
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DELECTRIC CERAMIC MATERAL AND 
MONOLITHC CERAMIC CAPACTOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to dielectric ceramic materi 

als and monolithic ceramic capacitors, and in particular, to a 
dielectric ceramic material suitable for use in monolithic 
ceramic capacitors and monolithic ceramic capacitors includ 
ing the dielectric ceramic material. 

2. Description of the Related Art 
A dielectric ceramic material of interest to the present 

invention is described in, for example, WO 2008/010412. The 
dielectric ceramic material described in WO 2008/O10412 is 
mainly composed of a barium titanate-based complex oxide 
with a perovskite structure and contains secondary grains 
composed of an R Ni Ti O-based crystalline complex 
oxide mainly containing a rare-earth element R, Ni, and Ti. 
The Ni may be partially substituted by Mg. 
The foregoing dielectric ceramic material has high reliabil 

ity such that problems do not occur even when a high field 
strength (e.g., about 20kV/mm) is continuously applied to the 
dielectric ceramic material in a high temperature atmosphere 
for a long period of time. Thus, even when individual dielec 
tric ceramic layers having Smaller thickness are used to 
reduce the size and increase the capacity of a monolithic 
ceramic capacitor, the use of the dielectric ceramic material 
results in a high-reliability monolithic ceramic capacitor. 

However, it was found that the foregoing dielectric ceramic 
material disadvantageously has a relatively low thermal 
shock resistance. 
When a monolithic ceramic capacitor is mounted on a 

Substrate by reflow soldering, the monolithic ceramic capaci 
tor is in a heated condition for several minutes. Meanwhile, 
the melting point of solder has tended to increase with the 
trend toward lead-free solder. Thus, the monolithic ceramic 
capacitor is subjected to thermal shock, i.e., the monolithic 
ceramic capacitor is heated to as high as about 275° C. to 
about 325° C. during reflow soldering. 
The thermal shock, i.e., a rapid temperature rise and rapid 

temperature drop, may cause cracks in the monolithic 
ceramic capacitor. Particularly in recent years, further 
progress toward a reduction in the thickness of layers to a very 
Small thickness to less than about 1 um, and to an increase in 
capacity, has increased the likelihood of cracks due to thermal 
shock. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a dielectric ceramic material capable of overcoming 
the foregoing problems and a monolithic ceramic capacitor 
including the dielectric ceramic material. 

According to preferred embodiments of the present inven 
tion, a dielectric ceramic material includes crystal grains and 
grainboundaries and a composition having a perovskite com 
pound represented by ABO (wherein A includes Ba or Ba 
and at least one of Sr and Ca; and B includes Ti or Ti and at 
least one of Zrand Hf) as a main component. To overcome the 
foregoing technical problems, the dielectric ceramic material 
has the structure described below. 

In the dielectric ceramic material according to preferred 
embodiments of the present invention, the crystal grains 
include an ABO-based crystal grain composed of the main 
component and, as secondary phases, a Mg Ni Ti-con 
taining crystalline grain composed of a crystalline oxide con 
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2 
taining at least Mg, Ni, and Ti and a Ba-Si-containing crys 
talline grain composed of a crystalline oxide containing at 
least Ba and Si. 
The dielectric ceramic material according to preferred 

embodiments of the present invention may further contain, as 
auxiliary components, one or more of R (wherein Rincludes 
at least one of La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
Yb, Lu, andY), M (Mincludes at least one of Mg, Ni, Mn, Co. 
Fe, Cr, Cu, Al, Mo, W, and V), and Si. 

In this case, preferably, the total R content is in the range of 
about 0.1 to about 3.0 parts by mole with respect to about 100 
parts by mole of the main component, and the total M content 
is in the range of about 0.2 to about 5.0 parts by mole with 
respect to about 100 parts by mole of the main component. 

Furthermore, preferably, the main component ABO has a 
Ba content of about 78 to about 100 mol %, a Sr content of 
about 0 to about 2 mol%, a Ca content of about 0 to about 20 
mol %, a Ti content of about 96 to about 100 mol %, a Zr 
content of about 0 to about 2 mol%, and a Hf content of about 
0 to about 2 mol%. 

According to preferred embodiments of the present inven 
tion, a monolithic ceramic capacitor includes a capacitor 
main body having a plurality of stacked dielectric ceramic 
layers, a plurality of first internal electrodes, and a plurality of 
second internal electrodes, each of the first and second inter 
nal electrodes being arranged between dielectric ceramic lay 
ers and along specific interfaces of the dielectric ceramic 
layers, and a first external electrode and a second external 
electrode that are arranged on different portions of outer 
surfaces of the capacitor main body, in which the first internal 
electrodes are electrically connected to the first external elec 
trode, the second internal electrodes are electrically con 
nected to the second external electrode, and the first internal 
electrodes and the second internal electrodes are alternately 
arranged in the stacking direction. 

In the monolithic ceramic capacitor according to preferred 
embodiments of the present invention, the dielectric ceramic 
layers are composed of the foregoing dielectric ceramic mate 
rial according to preferred embodiments of the present inven 
tion. 

In the monolithic ceramic capacitor according to preferred 
embodiments of the present invention, the first and second 
internal electrodes are mainly composed of Ni. 

According to preferred embodiments of the present inven 
tion, it is possible to provide a dielectric ceramic material 
with excellent thermal shock resistance. Thus, a monolithic 
ceramic electronic component including the dielectric 
ceramic material according to preferred embodiments of the 
present invention has improved resistance to the effects of 
rapid temperature change when mounted. 

Although the reason for improvement in resistance in pre 
ferred embodiments of the present invention is not clear, it is 
speculated that the presence of both of the Mg Ni Ti 
containing crystalline grains and the Ba—Si-containing crys 
talline grains reduces thermal shock. 

According to preferred embodiments of the present inven 
tion, when R. M., and Si are contained as auxiliary compo 
nents, and where the totalR contentis in the range of about 0.1 
to about 3.0 parts by mole with respect to about 100 parts by 
mole of the main component, and where the total M content is 
in the range of about 0.2 to about 5.0 parts by mole with 
respect to about 100 parts by mole of the main component, 
and where the total content of Si is about 0.2 parts by mole to 
about 4.0 parts by mol with respect to 100 parts by mole of the 
main component it is possible to enhance reliability under 
high-temperature loading conditions. 
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Furthermore, the main component ABO with a Bacontent 
of about 78 to about 100 mol %, a Sr content of about 0 to 
about 2 mol %, a Ca content of about 0 to about 20 mol %, a 
Ti content of about 96 to about 100 mol %, a Zr content of 
about 0 to about 2 mol%, and a Hf content of about 0 to about 
2 mol % has a composition Suitable for providing a high 
dielectric constant. 

Other features, elements, characteristics and advantages of 
the present invention will become more apparent from the 
following detailed description of preferred embodiments of 
the present invention with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of a monolithic ceramic 
capacitor 1 including a dielectric ceramic material according 
to an embodiment of the present invention; and 

FIG. 2 shows the microstructure of crystal grains of a 
dielectric ceramic material according to an embodiment of 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a cross-sectional view of a monolithic ceramic 
capacitor 1 including a dielectric ceramic material according 
to an embodiment of the present invention. 

The monolithic ceramic capacitor 1 includes a main body 5 
having a plurality of Stacked dielectric ceramic layers 2, a 
plurality of first internal electrodes 31 and a plurality of 
internal electrodes 4, the first and second internal electrodes 3 
and 4 being provided along specific interfaces of the dielectric 
ceramic layers 2. The main body 5 is provided with a first 
external electrode 6 and a second external electrode 7 that are 
arranged on different portions of outer Surfaces of the main 
body 5. In the monolithic ceramic capacitor 1 shown in FIG. 
1, the first and second external electrodes 6 and 7 are provided 
on respective end faces of the main body 5 opposite to each 
other. The first internal electrodes 3 are electrically connected 
to the first external electrode 6. The second internal electrodes 
4 are electrically connected to the second external electrode 7. 
The first and second internal electrodes 3 and 4 are alternately 
arranged in the Stacking direction. Preferably, the internal 
electrodes 3 and 4 are mainly composed of Ni. 

In the monolithic ceramic capacitor 1, the dielectric 
ceramic layers 2 are composed of a dielectric ceramic mate 
rial according to preferred embodiments of the present inven 
tion. The dielectric ceramic material according to preferred 
embodiments of the present invention includes crystal grains 
and grain boundaries and has the composition described 
below. 

The composition contains a perovskite compound repre 
sented by ABO (wherein A includes Ba or Ba and at least one 
of Sr and Ca; and B includes Tior Ti and at least one of Zr and 
Hf) as a main component. 

In the dielectric ceramic material, the crystal grains contain 
ABO-based crystal grains composed of the main compo 
nent. The crystal grains further contain, as secondary phases, 
Mg Ni Ti-containing crystalline grains composed of a 
crystalline oxide containing at least Mg, Ni, and Ti and 
Ba—Si-containing crystalline grains composed of a crystal 
line oxide containing at least Ba and Si. 
The dielectric ceramic material according to an embodi 

ment of the present invention thus includes the crystal grains 
that contain two types of crystalline grains as the secondary 
phases: the Mg Ni Ti-containing crystalline grains and 
the Ba—Si-containing crystalline grains. 
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4 
FIG. 2 is a photograph showing the microstructure of crys 

tal grains of a dielectric ceramic material according to an 
embodiment in which BaTiO serving as ABO, a Mg. Ni– 
Ti-O-based crystalline oxide serving as a crystalline oxide 
containing at least Mg, Ni, and Ti, and a Ba-Si-O-based 
crystalline oxide serving as a crystalline oxide containing at 
least Ba and Si are used. 
FIG.2 shows that the crystal grains include BaTiO, crystal 

grains 11 serving as main crystal grains, and a Mg. Ni 
Ti O-based crystalline oxide grain 12 and a Ba—Si-O- 
based crystalline oxide grain 13 serving as secondary phases. 
The method for producing a dielectric ceramic material 

with such a microstructure is not particularly limited. For 
example, the dielectric ceramic material can be produced by 
mixing an oxide powder serving as a main component and 
powders of the two crystalline oxides described above and 
firing the resulting mixture. 

According to preferred embodiments of the present inven 
tion, the crystalline oxide containing at least Mg, Ni, and Ti 
preferably meets all the requirements of a Mg content of 
about 10 mol% or more, a Ni content of about 40 mol % or 
more, and a Ticontent of about 5 mol% or more, the content 
excluding oxygen. Furthermore, the crystalline oxide con 
taining at least Ba and Si preferably meets all the require 
ments of a Ba content of about 30 mol % or more and a Si 
content of about 30 mol % or more, the content excluding 
OXygen. 
The Mg Ni Ti-containing crystalline grain and the 

Ba—Si-containing crystalline grain as the two types of sec 
ondary phase grains may contain other elements such as a 
rare-earth element as long as the foregoing requirements are 
met. 

The dielectric ceramic material according to preferred 
embodiments of the present invention may further contain, as 
auxiliary components, R (wherein R includes at least one of 
La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, and 
Y), M (wherein Mincludes at least one of Mg, Ni, Mn, Co, Fe, 
Cr, Cu, Al, Mo, W. and V), and Si. 

In this case, a total R content of about 0.1 to about 3.0 parts 
by mole and a total M content of about 0.2 to about 5.0 parts 
by mole with respect to about 100 parts by mole of the main 
component result in improved reliability under high-tempera 
ture loading conditions. 

In the case where the main component ABO contains 
about 78 to about 100 mol%. Ba, about 0 to about 2 mol%. Sr, 
about 0 to about 20 mol% Ca, about 96 to about 100 mol & 
Ti, about 0 to about 2 mol% Zr, and about 0 to about 2 mol% 
Hf, it is possible to obtain a composition having a high dielec 
tric constant. 

Experimental examples performed on the basis of the 
present invention will be described below. 

Experimental Example 1 

In Experimental Example 1, the effect of the presence or 
absence of the two types of secondary phase grains was 
investigated. 

In Experimental Example 1, BaTiO was used as ABO, a 
Mg Ni Ti-O-based crystalline oxide was used as a crys 
talline oxide containing at least Mg, Ni, and Ti, and a 
Ba—Si-O-based crystalline oxide was used as a crystalline 
oxide containing at least Ba and Si. 
(A) Production of Dielectric Raw Material Mixture 

(A-1) Example 1-1 

A BaCO powder and a TiO, powder were prepared as raw 
materials. These powders were weighed so as to provide the 
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composition of BaTiO and then mixed in a ball mill. The 
resulting mixture was subjected to a heat treatment at about 
1,150° C. to afford a BaTiO powder having an average par 
ticle size of about 0.15um and a Ba/Tiratio of about 1.001. 
A MgCO powder, a NiO powder, and a TiO, powder were 

weighed in a molar ratio of about 25:60:15 and then mixed in 
a ball mill. The resulting mixture was subjected to a heat 
treatment at about 1,000° C. to afford a Mg. Ni Ti O 
based crystalline oxide powder. The resulting oxide was 
determined to be crystalline by XRD. The crystalline oxide 
powder had an average particle size of about 0.06 um. 
A BaCO powder and a SiO powder were weighed in a 

molar ratio of about 50:50 and then mixed in a ball mill. The 
resulting mixture was subjected to about 1,000°C. to afford a 
Ba—Si-O-based crystalline oxide powder. The resulting 
oxide was determined to be a crystalline oxide by XRD. The 
crystalline oxide powder had an average particle size of about 
0.07 um. 
The BaTiO powder, the Mg Ni Ti-O-based crystal 

line oxide powder, and the Ba—Si-O-based crystalline 
oxide powder were weighed in the weight ratios in “Example 
1-1 shown in Table 1 and mixed in a ball mill, followed by 
drying to afford a dielectric raw-material mixture according 
to Example 1-1. 

(A-2) Comparative Example 1-1 

As shown in “Comparative Example 1-1 in Table 1, a 
dielectric raw-material mixture according to Comparative 
Example 1-1 was prepared as in Example 1-1, except that the 
BaCO powder and the SiO powder were added without 
being subjected to a heat treatment. 

(A-3) Comparative Example 1-2 

As shown in “Comparative Example 1-2 in Table 1, a 
dielectric raw-material mixture according to Comparative 
Example 1-2 was prepared as in Example 1-1, except that the 
MgCO, powder, the NiO powder, and the TiO, powder were 
added without being subjected to a heat treatment. 

(A-4) Comparative Example 1-3 

As shown in “Comparative Example 1-3 in Table 1, a 
dielectric raw-material mixture according to Comparative 
Example 1-2 was prepared as in Example 1-1, except that the 
BaCO powder and the SiO powder were added without 
being subjected to a heat treatment and that the MgCO, 
powder, the NiO powder, and the TiO, powder were added 
without being Subjected to a heat treatment. 
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6 
resulting mixtures was wet-mixed in a ball mill to form a 
ceramic slurry. The ceramic slurry was formed into ceramic 
green sheets by the doctor blade method. The resulting 
ceramic green sheets were cut so as to have a Substantially 
rectangular shape. 
A conductive paste mainly composed of Ni was applied to 

the ceramic green sheets by Screen printing to form conduc 
tive paste films to be formed into internal electrodes. 
The ceramic green sheets provided with the conductive 

paste films were stacked in Such a manner that ends of the 
conductive paste films located at ends of the ceramic green 
sheets were alternately arranged, thereby providing a green 
laminate. The green laminate was heated to about 300° C. in 
a Natmosphere to burn off the binder and then fired at about 
1,150° C. for about 2 hours in a reducing atmosphere having 
an oxygen partial pressure of about 10'MPa and containing 
a mixed gas of H, N, and H2O, thereby affording a sintered 
ceramic laminate. 
A Cu paste containing a B.O. LiO—SiO BaO glass 

frit was applied to both ends of the ceramic laminate and 
baked at about 800° C. in a N atmosphere to form external 
electrodes electrically connected to the internal electrodes. 
Thereby, monolithic ceramic capacitors according to the 
example and the comparative examples were produced. 
The outer dimensions of each of the resulting monolithic 

ceramic capacitors were about 0.8 mm wide, about 1.6 mm 
long, and about 0.8 mm thick. Each of the dielectric ceramic 
layers arranged between the internal electrodes had a thick 
ness of about 0.7 um. The number of the effective dielectric 
ceramic layers was about 400. The overlapping area of the 
opposite electrodes was about 0.9 mm per layer. 
(C) Characteristic Evaluation and Analysis of Ceramic 
Microstructure 
The dielectric constant was measured at about 25° C., 

about 1 kHz, and about 0.5 Vrms. 
The rate of change of capacitance with respect to a change 

in temperature was measured at about 1 kHz and about 0.5 
Vrms. The rates of change of capacitance at about -55°C., 
about 85°C., and about 125° C. were determined relative to 
capacitance at about 25°C. 

Insulation resistance was measured after a DC voltage of 
about 6.3 V was applied at about 25°C. for about 180 seconds. 
The product of the capacitance and insulation resistance, i.e., 
CR product, was determined. 
A high-temperature load life test was performed by apply 

ing a voltage of about 7 V at about 105°C. in such a manner 
that the field strength was about 10 kV/mm, thereby measur 
ing the change in insulation resistance over time. In the high 

TABLE 1. 

Weight Weight 
Main ratio ratio 
component Form of Mg, Ni and Tiadded (wt %) Form of Ba and Si (wt %) 

Example 1-1 BaTiO, Mg Ni Ti-O crystalline oxide 0.15 Ba-Si-O crystalline oxide O.1 
Comparative BaTiO, Mg Ni Ti-O crystalline oxide 0.15 Mixture of BaCO and SiO2 O.1 
Example 1-1 
Comparative BaTiO, Mixture of MgCO, NiO, and TiO, 0.15 Ba-Si-O crystalline oxide O.1 
Example 1-2 
Comparative BaTiO, Mixture of MgCO, NiO, and TiO2 0.15 Mixture of BaCO and SiO2 O.1 
Example 1-3 

(B) Production of Monolithic Ceramic Capacitor 

A polyvinyl butyral-based binder and ethanol were added 
to each of the dielectric raw-material mixtures. Each of the 

65 
temperature load life test, about 100 samples were tested. A 
sample in which the insulation resistance was reduced to 
about 200 kS2 or less by about 1,000 hours was determined to 
be faulty. 
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About 50 samples of each example were subjected to a 
thermal shock test by immersing the samples in a solder tank 
set at about 275° C. or about 325° C. for about 3 minutes. The 
tested samples were embedded in a resin, polished, and 
inspected for cracks with a microscope. Samples having 
cracks were determined to be defective. 

To elucidate the ceramic microstructure, the composition 
of any grain exposed at the section of each ceramic sample 
was analyzed by TEM-EDX. As a result, oxide grains con 

8 
Experimental Example 2, components with compositions 
shown in Table 4 were used as ABO. 

Furthermore, a Mg. Ni Ti Ba Li Mn O-based 
crystalline oxide was used as the crystalline oxide containing 
at least Mg, Ni, and Ti, and a Ba Si Ni Ti O-based 
crystalline oxide was used as the crystalline oxide containing 
at least Ba and Si in Experimental Example 2. 

10 A) Production of Dielectric Raw-Material Mixture taining at least Mg, Ni, and Ti and oxide grains containing at (A) 
least Ba and Si, which were not ABO grains, were identified. A BaCO powder, a CaCO powder, a SrCO powder, a 
Whether these secondary phase grains were crystalline or not TiO powder, a ZrO powder, and a HfC) powder were pre 
was investigated with an electron diffraction analyzer pared as raw materials. These powders were weighed so as to 
attached to the TEM. 15 &GR is 99 
(D) Result form compositions described in the “Main component' sec 

Table 2 shows the results of the analysis of the ceramic tion of Table 4 and then mixed in a ball mill. The resulting 
microstructure. Table 3 shows the results of the characteristic mixtures were subjected to heat treatment at about 1,100° C. 
evaluations. 20 to about 1200°C. to afford ABO powders having an average 

particle size of about 0.11 to about 0.17 lum. 
TABLE 2 

Separately, a MgCO powder, a NiO powder, a TiO, pow 
Crystalli t 
rystalline grains presen der, a BaCO powder, a LiCO, powder, and a MnO, powder 

Example 1-1 BaTiO, Mg Ni-Ti O Ba-Si-O ° were weighed in a molar ratio of about 13:55:13:2:161 and crystalline oxide crystalline oxide 
Comparative BaTiO, Mg Ni–Ti-O — then mixed in a ball mill. The resulting mixture was subjected 

crystalline oxide 
Example 1-1 ry to heat treatment at about 1,000° C. to afford a Mg. Ni– 
Comparative BaTiO. — Ba-Si-O Ti Ba—Li Mn O-based crystalline oxide powder. The 
Example 1-2 crystalline oxide 30 
Comparative BaTiO. — resulting oxide was determined to be crystalline by XRD. The 
Example 1-3 xample crystalline oxide powder had an average particle size of about 

0.05um. 
TABLE 3 

Number of 
defective samples Number of faulty 

Temperature CR in thermal shock samples in high 
Dielectric coefficient (% product test temperature 

constant -55° C. 85° C. 125° C. (S2F) 275° C. 325° C. loading test 

Example 1-1 3OOO -6.0 -9.5 -14.5 2450 050 OSO Of 100 
Comparative 3150 -44 -10.1 -14.9 2500 1,50 5.50 Of 100 
Example 1-1 
Comparative 3200 -7.3 -10.2 - 15.O 2450 1 SO 10, SO Of 100 
Example 1-2 
Comparative 2950 -6.4 -11.1 -16.3 2200 3,50 1950 Of 100 
Example 1-3 

Table 2 shows that only the samples in Example 1-1 had 50 A BaCO powder, a SiO powder, a NiO powder, and a 
both of the Mg Ni Ti O-based crystalline oxide grains 
and the Ba-Si-O-based crystalline oxide grains. 

Table 3 shows that in the thermal shock test, only the 
samples in Example 1-1 having both of the Mg Ni Ti– 
O-based crystalline oxide grains and the Ba—Si-O-based 
crystalline oxide grains exhibited satisfactory results. That is, 
the samples in Example 1-1 did not fail at about 275° C. 
which is a commonly used temperature, and at about 325°C., 
which is about 50° C. higher than the commonly used tem 
perature. 

Experimental Example 2 

In Experimental Example 2, the effect of changing the 
composition of the main component was studied. That is, in 

55 

60 

65 

TiO powder were weighed in a molar ratio of about 40:40: 
10:10 and then mixed in a ball mill. The resulting mixture was 
subjected to about 1,000° C. to afford a Ba—Si Ni Ti– 
O-based crystalline oxide powder. The resulting oxide was 
determined to be a crystalline oxide by XRD. The crystalline 
oxide powder had an average particle size of about 0.06 Lum. 
The ABO, powders, the Mg Ni Ti Ba Li Mn 

O-based crystalline oxide powder, the Ba Si Ni Ti O 
based crystalline oxide powder, and SiO serving as a sinter 
ing agent were weighed so as to provide compositions shown 
in Table 4 and then mixed in a ball mill, followed by drying to 
afford dielectric raw-material mixtures 

Examples 2-1 to 2-6. 
according to 
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TABLE 4 

Sum of main 
Main component SiO2 component 

Composition Composition and SiO2 
ratio (part by ratio (part by Weight ratio 

Composition mole) mole) (wt %) 

Example BaTiO, 1OO 2 99.8 
2-1 
Example (Bao.98Sroo2)(Tiogo Hfool)O3 
2-2 
Example (Bao'sCao.2)(TioggZroo)O3 
2-3 
Example (Bao.95Caoos)(TiogsZroo2)O3 
2-4 
Example (BaogsCaoo2)(TiogsHfoo2)O3 
2-5 
Example (Bao.98Sroo Caool)(TioggZrooosh fooos)O3 
2-6 

Added component 

Weight Weight 
ratio ratio 

Composition (wt %) Composition (wt %) 

X8. It Mg Ni Ti-Ba-Li-Min-O 0.1 Ba–Si–Ni–Ti-O O. 
2-1 crystalline crystalline 

oxide oxide 
X8. It Mg Ni Ti-Ba-Li-Mn- O Ba–Si–Ni–Ti-O O. 

2-2 crystalline crystalline 
oxide oxide 

X8. It Mg Ni Ti-Ba-Li-Mn- O Ba–Si–Ni–Ti-O O. 
2-3 crystalline crystalline 

oxide oxide 
X8. It Mg Ni Ti-Ba-Li-Mn- O Ba–Si–Ni–Ti-O O. 

2-4 crystalline crystalline 
oxide oxide 

X8. It Mg Ni Ti-Ba-Li-Mn- O Ba–Si–Ni–Ti-O O. 
2-5 crystalline crystalline 

oxide oxide 
X8. It Mg Ni Ti-Ba-Li-Mn- O Ba–Si–Ni–Ti-O O. 

2-6 crystalline crystalline 
oxide oxide 

40 As shown in Table 4, about 2 parts by mole of SiO, was 
added relative to about 100 parts by mole of each main com 
ponent. The sum of each main component and SiO, was set to 
about 99.8% by weight. With respect to the remaining about 
0.2% by weight, about 0.1% by weight of the Mg Ni Ti– 
Ba—Li Mn O-based crystalline oxide powder and about 
0.1% by weight of the Ba—Si Ni Ti O-based crystal 
line oxide powder were added. 
(B) Production of Monolithic Ceramic Capacitor 

Monolithic ceramic capacitors according to these 
examples were produced as in Experimental Example 1. The 

45 

50 

monolithic ceramic capacitors had the same specification as 
in Experimental Example 1. 
(C) Characteristic Evaluation and Analysis of Ceramic 
Microstructure 

Characteristic evaluation and the analysis of the ceramic 
microstructure were performed as in Experimental Example 
1. 

(D) Result 
Table 5 shows the results of the analysis of the ceramic 

microstructure. Table 6 shows the results of the characteristic 
evaluation. 

TABLE 5 

Crystalline grains present 

Example BaTiO, Mg Ni Ti-Ba-Li-Min—O Ba-Si- Ni Ti-O 
2-1 crystalline oxide crystalline oxide 
Example (Bao.98Sroo2)(Tiogo Hfool)O3 Mg Ni Ti-Ba-Li-Min—O Ba-Si- Ni Ti-O 
2-2 crystalline oxide crystalline oxide 

Example (Baoscao.2)(Tio.997roo)O3 Mg Ni Ti-Ba-Li-Min—O Ba-Si- Ni Ti-O 
2-3 crystalline oxide crystalline oxide 
Example (BaogsCaoos)(Tiogszroo2)O3 Mg Ni Ti-Ba-Li-Min—O Ba-Si- Ni Ti-O 
2-4 crystalline oxide crystalline oxide 



US 8,116,065 B2 
11 

TABLE 5-continued 

Crystalline grains present 
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Example (Bao.9sCaoo2)(TiogsHfoo2)O3 Mg Ni Ti-Ba-Li-Min-O Ba-Si-Ni. Ti-O 
2-5 crystalline oxide crystalline oxide 
Example (BaoSroo Cao.o.) (TiogZrooosh fooos)O, Mg Ni-Ti-Ba-Li-Min-O Ba-Si-Ni. Ti-O 
2-6 crystalline oxide crystalline oxide 

TABLE 6 

Number of 
defective samples Number of faulty 

Temperature CR in thermal shock samples in high 
Dielectric coefficient (% product test temperature 

constant -55° C. 85° C. 125° C. (S2F) 275° C. 325° C. loading test 

Example 31OO -6.4 -9.6 -14.0 2350 OSO OSO Of 100 
2-1 
Example 2OSO -SS -11.3 -15.5 2400 OSO OSO Of 100 
2-2 
Example 2800 -4.6 -11.2 -14.5 2100 OSO OSO Of 100 
2-3 
Example 2750 -6.0 -12.1 -15.2 21 SO OSO OSO Of 100 
2-4 
Example 2900 -4.4 -12.3 -15.3 2200 OSO OSO Of 100 
2-5 
Example 3050 -7.3 -11.7 -15.1 2200 OSO OSO Of 100 
2-6 

Table 5 shows that each of the samples according to 1,150° C. to afford a (BaoosCaoos)(Tiogos Zroos)Os powder 
Examples 2-1 to 2-6 had both of the crystalline oxide grains ' having an average particle size of about 0.16 Jum. 
containing Mg, Ni, and Ti and the crystalline oxide grains Separately, a MgCO powder, a NiO powder, a TiO, pow 
containing Ba and Si. der were weighed in a molar ratio of about 25:60:15 and then 

Table 6 shows that in the thermal shock test, all samples mixed in a ball mill. The resulting mixture was subjected to 
according to Examples 2-1 to 2-6 exhibited satisfactory is heat treatment at about 1,000° C. to afford a Mg Ni Ti 
results. O-based crystalline oxide powder. The resulting oxide was 

determined to be crystalline by XRD. The crystalline oxide 
Experimental Example 3 powder had an average particle size of about 0.06 um. 

A BaCO, powder, a SiO, powder, a NiO powder, a TiO 
In Experimental Example 3, the effect of changing the type 40 powder, and p LiCO, WGFWS WA a molar ratio 

and amount of the auxiliary components was studied. of about 36:36:10:9:9 and then mixed in a ball mill. The 
(Bao.9sCaoos)(Tiogoszrocos)Os was used as ABO, in resulting mixture was subjected to about 1,000°C. to afford a 

Experimental Example 3. A Mg Ni Ti O-based crystal- Ba—Si Ni Ti Li O-based crystalline oxide powder 
line oxide was used as the crystalline oxide containing at least a Si N1-11-L1 a cry powder. 
Mg, Ni, and Ti. A Ba Ti Ni Si Li O-based crystal- The resulting oxide was determined to be a crystalline oxide 
line oxide was used as the crystalline oxide containing at least 45 by XRD. The crystalline oxide powder had an average par 
Ba and Si. Furthermore, R (rare-earthelement) and M (at least ticle size of about 0.06 um. 
one of Mn, Ni, Co, Fe, Cr, Cu, Mg, Al, Mo, W, and V) were The (BaoosCaoos) (Tiogos Zrooos)Os powder, the 
added as auxiliary components in addition to Si. Mg Ni Ti-f-based crystalline oxide powder, the 
(A) Production of Dielectric Raw-Material Mixture Ba—Si Ni Ti Li O-based crystalline oxide powder, a 
A BaCO, powder, a CaCO, powder, a TiO, powder, and a so SiO, powder, an R Oxide powder, and an M oxide powder 

ZrO powder were prepared as raw materials. These powders were weighed so as to provide compositions shown in Tables 
were weighed so as to provide the composition of 7 and 8 and then mixed with a ball mill, followed by drying to 
(BaloosCaoos)(Tiogos Zrooos)Os and then mixed in a ball mill. afford dielectric raw-material mixtures according to 
The resulting mixture was subjected to heat treatmentatabout Examples 3-1 to 3-19. 

TABLE 7 

Main component 

Compo 
sition 
ratio 

(part by 
Composition mole) Breakdown of R 

Example 3-1 (BaogsCaoos) 1OO 
(Tio.995Zrooos)O3 

Example 3-2 (BaogsCaoos) 1OO Dy 0.1 
(Tio.995Zrooos)O3 

Added component (R. Added component (M SiO2 

Compo- Compo- Compo 
sition sition sition Sum 
ratio ratio ratio Weight 

(part by (part by (part by ratio 
mole) Breakdown of M mole) mole) (wt %) 

O.O Cr 0.2 Mg 2.0 Cu 0.3 2.50 2 99.7 

0.1 Mn 0.3 Ni 1.0 Cu 1.0 2.30 2 99.7 
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Weight ratio 
(wt %) 

O.2 

O.2 

O.2 

O.2 

O.2 

O.2 

O.2 

O.2 

Added component 

Weight ratio 
Composition (wt %) Composition 

Example 3-10 Mg Ni–Ti-O-base O. Ba–Si–Ni–Ti 
crystalline oxide based crystalline 

oxide 
Example 3-11 Mg Ni–Ti-O-base O. Ba–Si–Ni–Ti-O- 

crystalline oxide based crystalline 
oxide 

Example 3-12 Mg Ni–Ti-O-base O. Ba–Si–Ni–Ti-O- 
crystalline oxide based crystalline 

oxide 
Example 3-13 Mg Ni–Ti-O-base O. Ba–Si–Ni–Ti-O- 

crystalline oxide based crystalline 
oxide 

Example 3-14 Mg Ni–Ti-O-base O. Ba–Si–Ni–Ti-O- 
crystalline oxide based crystalline 

oxide 
Example 3-15 Mg Ni–Ti-O-base O. Ba–Si–Ni–Ti-O- 

crystalline oxide based crystalline 
oxide 

Example 3-16 Mg Ni–Ti-O-base O. Ba–Si–Ni–Ti-O- 
crystalline oxide based crystalline 

oxide 
Example 3-17 Mg Ni–Ti-O-base O. Ba–Si–Ni–Ti-O- 

crystalline oxide based crystalline 
oxide 

Example 3-18 Mg Ni–Ti-O-base O. Ba–Si–Ni–Ti-O- 
crystalline oxide based crystalline 

oxide 
Example 3-19 Mg Ni–Ti-O-base O. Ba–Si–Ni–Ti-O- 

crystalline oxide based crystalline 
oxide 

Tables 7 and 8 show the compositions of the dielectric 
raw-material mixtures according to Examples 3-1 to 3-19. 
Table 7 shows the amounts of R,M, and Si added relative to 
about 100 parts by mole of the main component, the amounts 
being given in units of part by mole. The Sum of the amounts 
of the main component, R. M., and Si accounts for about 
99.7% by weight of each dielectric raw-material mixture. 
Table 8 shows that the Mg Ni Ti O-based crystalline 
oxide powder and the Ba Si Ni Ti Li O-based crys 
talline oxide powder account for the remaining about 0.3% by 
weight of each dielectric raw-material mixture. 
(B) Production of Monolithic Ceramic Capacitor 

Monolithic ceramic capacitors according to these 
examples were produced as in Experimental Example 1. The 
monolithic ceramic capacitors had the same specification as 
in Experimental Example 1. 

Example 3-1 

Example 3-2 

Example 3-3 

Example 3-4 

Example 3-5 

Example 3-6 

Example 3-7 

Example 3-8 

Example 3-9 

35 

40 

45 

(C) Characteristic Evaluation and Analysis of Ceramic 
Microstructure 

Characteristic evaluation and the analysis of the ceramic 
microstructure were performed as in Experimental Example 
1. 

Note that the high-temperature load life test was performed 
by about 2,000 hours as well as by about 1,000 hours. 

(D) Result 
Table 9 shows the results of the analysis of the ceramic 

microstructure. Table 10 shows the results of the characteris 
tic evaluation. 

TABLE 9 

Crystalline grains presen 

Bao.95Cao,0s) Mg-Ni–Ti-O-base Ba—Si Ni-Ti-Li-O-base 
Tiogos Zrooos)O3 crystalline oxide crystalline oxide 
Bao.95Cao,0s) Mg-Ni–Ti-O-base Ba—Si Ni-Ti-Li-O-base 
Tiogos Zrooos)O3 crystalline oxide crystalline oxide 
Bao.95Cao,0s) Mg-Ni–Ti-O-base Ba—Si Ni-Ti-Li-O-base 
Tiogos Zrooos)O3 crystalline oxide crystalline oxide 
Bao.95Cao,0s) Mg-Ni–Ti-O-base Ba—Si Ni-Ti-Li-O-base 
Tiogos Zrooos)O3 crystalline oxide crystalline oxide 
Bao.95Cao,0s) Mg-Ni–Ti-O-base Ba—Si Ni-Ti-Li-O-base 
Tiogos Zrooos)O3 crystalline oxide crystalline oxide 
Bao.95Cao,0s) Mg-Ni–Ti-O-base Ba—Si Ni-Ti-Li-O-base 
Tiogos Zrooos)O3 crystalline oxide crystalline oxide 
Bao.95Cao,0s) Mg-Ni–Ti-O-base Ba—Si Ni-Ti-Li-O-base 
Tiogos Zrooos)O3 crystalline oxide crystalline oxide 
Bao.95Caoos) Mg-Ni–Ti-O-base Ba—Si Ni-Ti-Li-O-base 
Tiogos Zrooos)O3 crystalline oxide crystalline oxide 
Bao.95Cao,0s) Mg-Ni–Ti-O-base Ba—Si Ni-Ti-Li-O-base 
Tiogos Zrooos)O3 crystalline oxide crystalline oxide 



Example 3-10 (BaogsCaoos) Mg Ni–Ti-O-base Ba—Si-Ni Ti-Li-O-base 
(Tiogos Zrooos)O3 crystalline oxide crystalline oxide 

Example 3-11 (BaogsCaoos) Mg Ni–Ti-O-base Ba—Si-Ni Ti-Li-O-base 
(Tiogos Zrooos)O3 crystalline oxide crystalline oxide 

Example 3-12 (BaogsCaoos) Mg Ni–Ti-O-base Ba—Si-Ni Ti-Li-O-base 
(Tiogos Zrooos)O3 crystalline oxide crystalline oxide 

Example 3-13 (BaogsCaoos) Mg Ni–Ti-O-base Ba—Si-Ni Ti-Li-O-base 
(Tiogos Zrooos)O3 crystalline oxide crystalline oxide 

Example 3-14 (BaogsCaoos) Mg Ni–Ti-O-base Ba—Si-Ni Ti-Li-O-base 
(Tiogos Zrooos)O3 crystalline oxide crystalline oxide 

Example 3-15 (BaogsCaoos) Mg Ni–Ti-O-base Ba—Si-Ni Ti-Li-O-base 
(Tiogos Zrooos)O3 crystalline oxide crystalline oxide 

Example 3-16 (BaogsCaoos) Mg Ni–Ti-O-base Ba—Si-Ni Ti-Li-O-base 
(Tiogos Zrooos)O3 crystalline oxide crystalline oxide 

Example 3-17 (BaogsCaoos) Mg Ni–Ti-O-base Ba—Si-Ni Ti-Li-O-base 
(Tiogos Zrooos)O3 crystalline oxide crystalline oxide 

Example 3-18 (BaogsCaoos) Mg Ni–Ti-O-base Ba—Si-Ni Ti-Li-O-base 
(Tiogos Zrooos)O3 crystalline oxide crystalline oxide 

Example 3-19 (BaogsCaoos) Mg Ni–Ti-O-base Ba—Si-Ni Ti-Li-O-base 
(Tiogos Zrooos)O3 crystalline oxide crystalline oxide 

TABLE 10 

Number 
Number of of faulty 
defective samples 
samples in high 

Temperature coefficient CR in thermal emperature 
Dielectric % product shock test oading test 

constant -55° C. 85° C. 125° C. (S2F) 275° C. 325° C. 1000 h 2000 h 

X8. It 2950 -58 -9.7 -14.4 2550 OSO OSO Of 100 3,100 
3-1 
Example 2600 -6.6 -12.6 -14.3 2900 OSO OSO Of 100 Of 100 
3-2 
Example 24OO -SS -11.6 -13.5 2900 OSO OSO Of 100 Of 100 
3-3 
Example 2200 -2.4 -10.4 - 12.3 2900 OSO OSO Of 100 Of 100 
3-4 
Example 1300 -2.4 -8.9 -10.4 2600 OSO OSO Of 100 Of 100 
3-5 
Example 31OO -4.9 -9.2 -14.6 2SOO OSO OSO Of 100 SA100 
3-6 
Example 2550 -4.6 -12.2 -13.2 3400 OSO OSO Of 100 Of 100 
3-7 
Example 2SOO -4.2 -11.6 -12.9 31 OO OSO OSO Of 100 Of 100 
3-8 
Example 2300 -3.6 -11.3 -12.2 2900 OSO OSO Of 100 Of 100 
3-9 
Example 2250 -1.6 -10.0 -11.6 2750 OSO OSO Of 100 Of 100 
3-10 
Example 2100 -1.8 -9.6 -11.7 2600 OSO OSO Of 100 Of 100 
3-11 
Example 1350 -1.6 -8.5 - 10.9 2450 OSO OSO Of 100 Of 100 
3-12 
Example 24OO -4.4 -11.8 - 12.3 2900 OSO OSO Of 100 Of 100 
3-13 
Example 2300 -3.9 -10.4 -11.7 2900 OSO OSO Of 100 Of 100 
3-14 
Example 24OO -3.4 -11.6 -12.7 2900 OSO OSO Of 100 Of 100 
3-15 
Example 2300 -2.9 -11.9 -13.0 2950 OSO OSO Of 100 Of 100 
3-16 
Example 2350 -2.5 -12.3 -13.6 2900 OSO OSO Of 100 Of 100 
3-17 
Example 2300 -3.6 -11.5 - 12.3 2900 OSO OSO Of 100 Of 100 
3-18 
Example 24OO -3.9 -11.2 -11.7 28SO OSO OSO Of 100 Of 100 
3-19 

17 
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Crystalline grains presen 
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Table 9 shows that each of the samples according to 
Examples 3-1 to 3-19 had both of the crystalline oxide grains 
containing Mg, Ni, and Ti and the crystalline oxide grains 
containing Ba and Si. 

Table 10 shows that in the thermal shock test, all samples 
according to Examples 3-1 to 3-19 exhibited satisfactory 
results. 
As shown in Table 10, the results of the high-temperature 

load life test demonstrated the following: The samples 
according to Examples 3-1 to 3-19 did not fail after about 
1,000 hours and exhibited excellent reliability, as in 
Examples 1-1 and 2-1 to 2-6. In Experimental Example 3, the 
samples in Examples 3-2 to 3-5 and 3-7 to 3-19 in which the 
proportions of R were in the range of about 0.1 to about 3 mol 
and the proportions of M were in the range of about 0.2 to 
about 5 mol, on an elemental basis, relative to about 100 mol 
of ABO, did not fail after about 2,000 hours and exhibited 
particularly excellent reliability. 

In the foregoing experimental examples, the powders com 
posed of the crystalline oxides were synthesized and then 
added to the ABO powder in order to form the Mg Ni– 
Ti-containing crystalline oxide grains and the Ba—Si-con 
taining crystalline grains. However, the present invention is 
not limited to this method. For example, the foregoing crys 
talline grains may be formed from part of a diffused compo 
nent of the internal electrodes and/or a diffused ceramic com 
ponent contained in the internal electrodes. 

While preferred embodiments of the invention have been 
described above, it is to be understood that variations and 
modifications will be apparent to those skilled in the art 
without departing from the scope and spirit of the invention. 
The scope of the invention, therefore, is to be determined 
solely by the following claims. 

What is claimed is: 
1. A dielectric ceramic material comprising: 
crystal grains and grain boundaries; and 
a perovskite compound represented by ABO in which A 

comprises Ba or Ba and at least one of Sr and Ca, and B 
comprises Ti or Ti and at least one of Zr and Hf, main 
component, and the dielectric ceramic material compris 
ing crystal grains and grain boundaries in which 

the crystal grains comprise the main component and, as 
secondary phases, a Mg. Ni-Ti-containing crystalline 
grain comprising a crystalline oxide comprising Mg, Ni, 
and Ti, and a Ba—Si-containing crystalline grain com 
prising a crystalline oxide comprising Ba and Si. 

2. The dielectric ceramic material according to claim 1, 
further comprising, as auxiliary components, at least one of 
R which is at least one of La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, 

Dy, Ho, Er, Tm, Yb, Lu, and Y: 
M which is at least one of Mg, Ni, Mn, Co, Fe, Cr, Cu, Al, 
Mo, W, and V; and 

Si. 
3. The dielectric ceramic material according to claim 2, 
wherein the total R content is in the range of about 0.1 to 

about 3.0 parts by mole with respect to about 100 parts 
by mole of the main component, and 

the total M content is in the range of about 0.2 to about 5.0 
parts by mole with respect to about 100 parts by mole of 
the main component. 

4. The dielectric ceramic material according to claim 3, 
wherein A of the main component ABO has a Ba content 

of about 78 to about 100 mol %, a Sr content of about 0 
to about 2 mol%, and a Ca content of about 0 to about 20 
mol%, and the B of the main component has a Ticontent 
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of about 96 to about 100 mol %, a Zr content of about 0 
to about 2 mol%, and a Hf content of about 0 to about 2 
mol%. 

5. The dielectric ceramic material according to claim 4. 
wherein the crystalline oxide comprising Mg, Ni, and Ti has 
a content, excluding oxygen, of at least about 10 mol% Mg, 
at least about 40 mol % Ni, and at least about 5 ml%. Ti. 

6. The dielectric ceramic material according to claim 2, 
wherein A of the main component ABO has a Ba content 

of about 78 to about 100 mol %, a Sr content of about 0 
to about 2 mol%, and a Ca content of about 0 to about 20 
mol%, and the B of the main component has a Ticontent 
of about 96 to about 100 mol %, a Zr content of about 0 
to about 2 mol%, and a Hf content of about 0 to about 2 
mol%. 

7. The dielectric ceramic material according to claim 6, 
wherein the crystalline oxide comprising Mg, Ni, and Ti has 
a content, excluding oxygen, of at least about 10 mol% Mg, 
at least about 40 mol % Ni, and at least about 5 ml%. Ti. 

8. The dielectric ceramic material according to claim 1, 
wherein A of the main component ABO has a Ba content 

of about 78 to about 100 mol %, a Sr content of about 0 
to about 2 mol%, and a Ca content of about 0 to about 20 
mol%, and the B of the main component has a Ticontent 
of about 96 to about 100 mol %, a Zr content of about 0 
to about 2 mol%, and a Hf content of about 0 to about 2 
mol%. 

9. The dielectric ceramic material according to claim 8. 
wherein the crystalline oxide comprising Mg, Ni, and Ti has 
a content, excluding oxygen, of at least about 10 mol% Mg, 
at least about 40 mol % Ni, and at least about 5 ml%. Ti. 

10. The dielectric ceramic material according to claim 1, 
wherein the crystalline oxide comprising Mg, Ni, and Ti has 
a content, excluding oxygen, of at least about 10 mol% Mg, 
at least about 40 mol % Ni, and at least about 5 ml%. Ti. 

11. A monolithic ceramic capacitor comprising: 
a capacitor main body comprising 

a plurality of stacked dielectric ceramic layers; 
a plurality of first and second internal electrodes wherein 

each of the first and second internal electrodes are 
disposed at different interfaces between adjacent 
dielectric ceramic layers; and 

a first external electrode and a second external electrode 
disposed on different portions of outer surfaces of the 
capacitor main body, 

wherein the first internal electrodes are electrically con 
nected to the first external electrode, 

the second internal electrodes are electrically connected to 
the second external electrode, and 

the first internal electrodes and the second internal elec 
trodes are alternately arranged in the stacking direction, 
and 

wherein the dielectric ceramic layers are composed of the 
dielectric ceramic material according to claim 1. 

12. The monolithic ceramic capacitor according to claim 
11, wherein the first and second internal electrodes comprise 
Ni. 

13. A monolithic ceramic capacitor comprising: 
a capacitor main body comprising 

a plurality of stacked dielectric ceramic layers; 
a plurality of first and second internal electrodes wherein 

each of the first and second internal electrodes are 
disposed at different interfaces between adjacent 
dielectric ceramic layers; and 

a first external electrode and a second external electrode 
disposed on different portions of outer surfaces of the 
capacitor main body, 
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wherein the first internal electrodes are electrically con 
nected to the first external electrode, 

the second internal electrodes are electrically connected to 
the second external electrode, and 

the first internal electrodes and the second internal elec 
trodes are alternately arranged in the stacking direction, 
and 

wherein the dielectric ceramic layers are composed of the 
dielectric ceramic material according to claim 2. 

14. The monolithic ceramic capacitor according to claim 
13, wherein the first and second internal electrodes comprise 
Ni. 

15. A monolithic ceramic capacitor comprising: 
a capacitor main body comprising 

a plurality of stacked dielectric ceramic layers; 
a plurality of first and second internal electrodes wherein 

each of the first and second internal electrodes are 
disposed at different interfaces between adjacent 
dielectric ceramic layers; and 

a first external electrode and a second external electrode 
disposed on different portions of outer surfaces of the 
capacitor main body, 

wherein the first internal electrodes are electrically con 
nected to the first external electrode, 

the second internal electrodes are electrically connected to 
the second external electrode, and 

the first internal electrodes and the second internal elec 
trodes are alternately arranged in the stacking direction, 
and 

wherein the dielectric ceramic layers are composed of the 
dielectric ceramic material according to claim 3. 

16. The monolithic ceramic capacitor according to claim 
15, wherein the first and second internal electrodes comprise 
Ni. 

17. A monolithic ceramic capacitor comprising: 
a capacitor main body comprising 

a plurality of stacked dielectric ceramic layers; 
a plurality of first and second internal electrodes wherein 

each of the first and second internal electrodes are 
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disposed at different interfaces between adjacent 
dielectric ceramic layers; and 

a first external electrode and a second external electrode 
disposed on different portions of outer surfaces of the 
capacitor main body, 

wherein the first internal electrodes are electrically con 
nected to the first external electrode, 

the second internal electrodes are electrically connected to 
the second external electrode, and 

the first internal electrodes and the second internal elec 
trodes are alternately arranged in the stacking direction, 
and 

wherein the dielectric ceramic layers are composed of the 
dielectric ceramic material according to claim 1. 

18. The monolithic ceramic capacitor according to claim 
17, wherein the first and second internal electrodes comprise 
Ni. 

19. A monolithic ceramic capacitor comprising: 
a capacitor main body comprising 

a plurality of stacked dielectric ceramic layers; 
a plurality of first and second internal electrodes wherein 

each of the first and second internal electrodes are 
disposed at different interfaces between adjacent 
dielectric ceramic layers; and 

a first external electrode and a second external electrode 
disposed on different portions of outer surfaces of the 
capacitor main body, 

wherein the first internal electrodes are electrically con 
nected to the first external electrode, 

the second internal electrodes are electrically connected to 
the second external electrode, and 

the first internal electrodes and the second internal elec 
trodes are alternately arranged in the stacking direction, 
and 

wherein the dielectric ceramic layers are composed of the 
dielectric ceramic material according to claim 5. 

20. The monolithic ceramic capacitor according to claim 
19, wherein the first and second internal electrodes comprise 
Ni. 


